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Electron impact ionization mass spcctrometry indicates that the behavior of Nunsubstituted 
pyrimidin-4-ones with CH,-R type substitution at C-Z differs from homologs that are 
N-substituted and/or Z-a+- or 2-methyl-substituted. A dominant intramolecular cycliza- 
tion was found to occur between 3N (in agreement with the predominance of the 3NH 
tautomers) and the ortho positions of the aryl moiety in compounds with a CHz-aryl sub- 
stitution at C-2. Theoretical calculations with an AM1 SCFR method on 2, 6, and 2,6- 
disubstituted pyrimidin-4-ones support the mass spectrometric observations. (1 Am Sot Mass 
Spectrom 2994, 5, 123-119) 
A general synthetic pathway reported recently for preparation of 2,3-disubstituted pyrimidin-4- ones [l] led us to explore the possibilities to 
differentiate 4f3Hk and 4(1H)_pyrimidinones by means 
of mass spectrometry. It has been shown [2] that the 
two types of compounds can be identified by their 
characteristic fragmentation patterns. Furthermore, the 
Nunsubstituted derivatives substituted at C-2 be- 
haved under electron ionization (EI) as tautomeric 
mixtures of two possible NH-structures. The 4- 
hydroxy form is not of great significance. 
0 
Scheme I 
R: 1 Z-ethyl 
2 Z-propyl 
3 Z-o-Cl-benzyl 
4 2-p-Cl-benzyl 
5 2-&naphthylmethyl 
6 2_(3-indolylmethyl) 
7 ortho-methyl-benzyl 
8 2,4,6-trlmethyl-benzyl 
9 cyclohexyl 
In our further studies it was noted that if the sub- 
stituent at position 2 was of the CH,-R type, often a 
fairly stable ion [M - HI+ was formed. For a study of 
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this phenomenon, compounds 1-9 (Scheme I) were 
synthesized and their EI spectra were recorded in low 
and high resolution and B/E modes. Furthermore, the 
relative stabilities of the INH, JNH, and 40H forms of 
several 2 and/or 6-substituted derivatives were eval- 
uated. 
Experimental 
Preparation of the lmidates 13, 41 
One gram of dry hydrogen chloride was mixed into a 
solution of 0.02 mol nitrile (1.2 g propionitrile, 1.4 g 
butyronitrile, 3.0 g 2-chlorobenzylcyanide, 3.4 g 2- 
naphthylacetonitrile, 3.1 g 3-indolylacetonitrile, 2.6 g 
2-methylbenzyl cyanide or 3.2 g 2,4,6_trimethylbenzyl 
cyanide [5]) and 1.0 g abs. ethanol in 60 ml dry dieth- 
ylether. The mixture was allowed to stand overnight in 
a refrigerator and 100 ml dry diethylether was then 
added. The solid which separated out was filtered off. 
The base was liberated from the imidate hydrogen 
chloride salt with 5% NaHCO, solution and then iso- 
lated by diethylether extraction. After drying (CaCl,), 
the solvent was evaporated and the liquid residue was 
used. 
Preparation of 2-Substituted Pyrimidin-$-Ones 
(l-3 and 5-S) 
Diexo-3-aza4oxotricyclo[4.2.1.0[2,5]]non-7-ene [6-B] 
(1.35 g = 0.01 mol) and 0.01 mol carboimidic ester was 
refluxed in 20 ml of dry chlorobenzene for 8-10 hours. 
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After evaporation the residue was crystallized. Physi- 
cal and analytical data on compounds l-3 and 558 are 
listed in Table 1. Compounds 4 and 9 were available 
from a previous study [7]. 
Recording of Mass Spectra 
Most measurements were carried out on a VG 7070E 
Organic Mass Spectrometer combined with VG 11-250 
data system (VG Analytical, Altrincham, UK) at 6.0 
keV ion energy. The ion source was kept at 453 K for 
all measurements. The electron impact ionization was 
performed with an electron energy of 70 eV and a trap 
current of 100 ,uA. The low resolution (LR) spectra as 
well as collision-induced decomposition (CID) and 
daughter ion spectra obtained by the B/E linked scan 
method were recorded at a resolution of 1000 while the 
accurate mass measurements were done at a resolution 
between 4000 and 8000 by using the method of com- 
puterized peak matching. The linked scans were done 
both with the digital metastable recording program 
and by tuning the spectrometer in the analog mode 
and recording the spectra cumulatively. In all mea- 
surements perfluorokerosine (PFK) (Merck Art. 10145) 
was used as a reference compound. The samples were 
introduced through the solid inlet at temperatures 
between ambient (ca. 320 K) and 470 K. 
For CID experiments, helium gas was used in the 
collision chamber located in the first field-free region 
(1st FFR). The pressure of the collision gas was ad- 
justed to reduce the precursor ion to 30% transmission. 
The LR spectra were also recorded in a partially 
deuteriated form by introducing deuterium oxide va- 
por into the ion source through the septum inlet. The 
exchange reaction between N(3)-H and deuterons took 
place readily for all compounds. 
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The tandem mass spectrometry (MS/MS) experi- 
ments and some of the high resolution (HR) measure- 
ments were carried out on a JEOL SX102/102 tandem 
mass spectrometer at the University of Tokyo. 
Results and Discussion 
According to our previous results [2], the molecular 
ion of 2substituted pyrimidinones may appear as three 
tautomeric forms lNH, 3NH, and 40H. The com- 
pounds studied here do not seem to attain the 40H 
form in a measurable extent, but the intensive frag- 
mentation pathways found in addition to those ob- 
served earlier [2] can be explained by the two possible 
NH tautomers. The yield of the ion [M - CO]+’ (Table 
2) as well as that of [M - RCN]+’ was generally low. 
The loss of CO was connected with the appearance of 
[RCHN]+ as expected and was found to contribute to 
the LR spectrum of 1, 4, 5, and 7 only. The peaks 
corresponding to [RI+ and [M - R]* as well as 
[RCN]*‘, [RCN - HI+, and [M - (RCN - H)]+ were 
found for all the compounds studied (Figure la and b, 
Scheme II). The spectrum of compound 9 was domi- 
nated by the decomposition of the cyclohexyl moiety 
prior to the formation of the ion [C,H,NO]+. at m/z 
69 and therefore this compound behaves differently 
from the rest of the compounds studied. 
2-Ethyl Derivative 1 
The most intense decomposition of 1 results from the 
loss of a hydrogen atom from the ethyl substituent 
resulting in a stable [M - HI+ ion. The cyclization of 
the ethyl moiety to N-3 is difficult due to the highly 
Table 1. Physical and analytical data on compounds 1-3 and 5-8 
Analysis 
m.p. Yield Formula Required (s/o) Found (%) 
Comp. r=C) (%) (mol. weight) C H N C H N 
1 114-116” 63 C&N,0 58.05 6.50 22.57 58.14 6.62 22.60 
(124 14) 
2 118~120’ 70 W-&N,0 60.85 7.30 20.27 60.97 7.17 20.34 
(138.17) 
3 209 -212b 88 C,,H,N,CIO 59.88 4.1 1 12.70 59.98 4.24 12.51 
(220 66) 
5 220 -222” 81 C,,H,,N,O 76.25 5.12 11.86 76.12 5.20 11.94 
(236.28) 
6 279 -281 78 C,sH,,NzO 69.32 4.92 18.65 69.47 5.11 18.80 
1225.25) 
7 185-187 62 C,,“,,N,O 71.98 6.04 13.99 72.1 1 6.21 14.14 
(200.241 
8 268-270 75 C,,“,,N,O 73.66 7.06 16.65 73.81 7.19 73.60 
‘From benzene-petroleum ether. 
bFrom ethanol. 
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Figure 1. Mass spectra of compounds 3 (70 eV EI+; all inter& 
ties multiplied by a factor of 5.0, relative abundance of m/r 185 
100) and 4. 
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strained product ion. The decomposition of [M - HI+ 
takes place through a hydrogen transfer and loss of 
C,H,N molecule resulting in the general ion SC 
(Scheme Il). 
The molecular ion itself also undergoes a hydrogen 
transfer followed by the loss of C,H,N, giving the ion 
[C3H4NO]+, that is, the ion BT mentioned above. The 
minor loss of ethene yields the ion [C,H,N,O]+’ at 
m/z 96, which decomposes further, as shown for the 
parent compound in our previous work [2]. 
The molecular ion does not yield the fragments 
expected on the basis of tautomerism. The loss of CO 
can be detected but only to a small extent. This very 
clearly shows that the ethyl substitution at position 2 
has a strong effect on the tautomeric behavior of this 
sample in the gas phase under EIf conditions. It is 
worth mentioning that a minor part (ca. 35%) of the 
ion m/z 95 had the composition [M - H - CO]+. 
2-Propyl Derivative 2 
The fragmentations of the molecular ion correspond 
mainly to a single tautomeric form as for 1. The main 
fragmentation starts with a loss of ethene (Scheme III), 
as shown earlier for 2propylbenzimidazole [9, lo]. The 
product radical ion [CSH6N,0]+’ at m/z 110 is nomi- 
nally the same as the molecular ion for the Z-methyl 
case studied earlier, but not quite identical. This can be 
seen from the fact that instead of successive losses of 
CO and CH&N, only the former was observed giving 
rise to the ion [C,H,N,]+’ at m/z 82 (Scheme III). The 
loss of C,H,N’ from that ion results in a contribution 
to B:. 
Cleavage of C,H, from M*‘ yields the odd electron 
ion [C4H4N20]+’ at m/z 96, the M+’ ion of the parent 
pyrimidin-Cone, as in the case of 1. The molecular ion 
releases a methyl radical yielding an intense ion 
]C,H,N,O]+ at m/z 123, the ion formed via the loss 
of a hydrogen atom from MC’ of 1. The daughter ion 
spectra of these two ions are similar, producing mainly 
B: (Scheme III). 
The [M - H]+ ion is almost as stable as M? This is 
probably due to the several resonant structures of the 
former but not to cyclization to one of the nitrogen 
atoms. (The latter case is, however, now more probable 
than in the case of ethyl.) The abundant loss of neutral 
alkenes can take place readily without cyclization. 
2-o- and 2-p-Chlorobenzyl Derivatives 3 and 4 
Compounds 3 and 4 show a striking difference in their 
fragmentation behavior (Scheme lV). The p-substituted 
4 lost a hydrogen atom from the fairly stable molecular 
ion, obviously cyclized to N-3 and formed the even 
more stable [M - H]+ ion. The o-chlorobenzyi deriva- 
tive 3 has very low molecular stability under EI. The 
cyclization begins now via the loss of Cl’ from the 
J Am Sac Mass Spectmn 1994,5,113-119 INTRAMOLECULAR CYCLIZATION IN PYlUMIDlN4ONES 117 
ti . m/z 70 (41) 
m/z 82 (6) 
Scheme III 
molecular ion, and the consecutive loss of H’ and Cl’ 
or of HCl from M+’ giving rise to ion m/z 184 is now 
of minor importance. The spectra of the deuteriated 
compounds confirm that the hydrogen loss takes place 
from the benzyl moiety and not from N(3)_H. It also 
could be observed that the deuteron exchange took 
place exclusively with N(3)-H. 
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The loss of the benzyl substituents from the M+’ ion 
cannot be observed in me&table daughter ion spectra, 
although both counterparts of this decomposition exist 
in the LR mass spectra. This is obviously due to the 
very fast cleavage reactions in the source itself and not 
ln the 1st FFR. However, adding some i-butane (which 
did not cause an appreciable change in the pressure) 
into the ion source altered the time frame necessary for 
obtaining the daughter ion spectrum of M+‘, and an 
intense peak for ion [RI+ at m/z 125 was observed, 
confirming the existence of the above reactions. The 
further fragmentation of [RI+ from the two isomers 
differs only slightly from each other. The reactions 
characteristic for EI+ fragmentation of several N- 
(unkubstituted pyrimidin-4-ones [Z] were not domi- 
nant, although the p-Cl isomer 4 still gave some of the 
complementary moieties [RCN]+’ and [C,HsNO]+’ at 
m/z 151 and 69, respectively (Table 2). Thus, the 
tautomerism can play but a minor role in the fragmen- 
tation of compound 4. 
The lack of the ions BT, Bi, Cc’, and C:’ at m/z 
150,70, 151, and 69 (Scheme II) from the spectrum of 3 
also indicates the enhanced ability of o-Cl to be elimi- 
nated (Figure la). The small amount of chlorine loss 
from M+’ and as a consequence the minor abundance 
of ]C,,H,N,Ol+’ at m/z 185 from 4 explains the lack 
of the rest of the routes found for the orfho isomer 3 
(Figure lb). 
Strong evidence supporting the cyclization of the 
[M - Cl]+ ion for 3 is the formation of the ion at m/z 
130 directly or via consecutive loss of HCN (giving 
rise to the ion at m/z 158) and CO from this ion. 
MS/MS and CID measurements show that the ion 
m/z 130 rearranges to a protonated quinoline structure 
(Scheme IV> similar to that obtained from compounds 
6 [ll, 121 and 7. Correspondingly, 4 gives a small 
amount of ion m/z 164 (a protonated chloroquinoline). 
2-(/34VaphthyZ)methyl Derivative 5 
In addition to M+ and [M - H]+ ions, the spectrum of 
j?-naphthyhnethyl substituted compound 5 is domi- 
nated by the formation of the [RI+ ion (Scheme II), 
[C,,H,l+ at m/z 141, which successively releases 
ethyne to form ions [C,H,]+, [C,H,]+, and [C5H3]+ 
at m/z 115, 89, and 63 in accordance with the mass 
spectrum of Z-methyl-naphthalene [13], as proved by 
CID and MS/MS measurements. The ion A:, 
[C,H,N,O]+, which is complementary to [RI+ at m/z 
95, is responsible for the formation of ions [C&N,]+, 
ICsH2NOl+, and ]CsH,NOl+’ at m/z 67,68, and 69, 
respectively. 
At least a partial cyciization of the [M - HI+ ion is 
now confirmed by the formation of the ion m/z 180 
via successive loss of HCN (m/z 208) and CO 
from it. The latter ion rearranges to a protonated 
benz&]quinoline structure as shown by the MS/MS 
measurements in comparison with literature data [14, 
151 that show the fragmentation of various benzo- 
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quinolines to give very similar spectra. Due to the easy 
loss of a hydrogen from the R substituent, the ion 
[M - HI + is the base peak although this is not neces- 
sarily due to the intramolecular cyclization only, but is 
also as a result of other stabilizing resonant structures. 
The loss of B, and C, produces abundant peaks at 
m/z 166 and 167, respectively, which fragment further 
through loss of HCN to [C,,Hr]+ and [CriHs]+ at 
m/z 139 and 140, that is, to tropylium-type naph- 
thalenes, respectively. 
The well-defined spectrum of 5 offered a possibility 
for a careful inspection of the spectra obtained in EI ’ 
conditions with a small amount of D,O in the ion 
source. A very rapid exchange of D with N(3&H was 
taking place but no sign of OD, N(l)-D or deuteriated 
naphthyl was detected. The ion [CsHaDNO]* at m/z 
71 could only be formed by proton transfer from the 
Z-substituent to N-3 or C-Z prior to the breaking of the 
bonds, 
2-(3-lndolyl)methyl Derivative 6 
The normal loss of substituent leads to the comple- 
mentary ions &HaNl+ and [C4HsN,01f at m/z 130 
and 95 (Scheme II). The latter ion fragments as de- 
scribed earlier but the methyleneindolyl ion experi- 
ences a transformation to a protonated quinoline struc- 
ture (cf. the structure of the &HsNl+ ions from 3 and 
7) which releases HCN to form [CRH7]+ at m/z 103 
[11,12]. MS/MS measurements show that the ion m/z 
130 gives rise to smaller ions which are well known as 
the fragments of 3-Me_(lH-indole) [ll, 121. 
The formation of the complementary ions 
[C3H4NOl+ (B,f) and [c,~H~NJ+ (BT) at nr/z 70 
and 155, respectively, from the molecular ion via a 
hydrogen transfer is analogous to the cases with the 
other C-2 substituents. However, the ion C:; [RCN]+, 
at m/z 156 is formed mainly through the cyclized 
[M - HI+ ion. 
(a-Methyljbenzyl Derivative 7 
The decompositions common to most compounds 
studied give rise to the main ions in this spectrum 
although here the cyclization can occur either via loss 
of the methyl radical or a hydrogen atom giving rise to 
the ions at m/z 185 (67%) and 199 (26%), respectively. 
The relative abundances indicate that the o-methyl is a 
better leaving group than an ortho hydrogen. The 
[M ~ Me]+ ion decomposes first (via loss of HCN) to 
lC,OH,NO]+ at m/z 158 and then further (via loss of 
CO) to [CSHsN]+ at nz/z 130. The latter ion has the 
quinoline structure, also observed in the case of 2-(3- 
indolyl)methyl 6 and 2-o-chlorobenzyl3 derivatives as 
indicated by the metastable daughter ion, MS/MS, 
and CID spectra. 
The ion CT; tCgHgNl+‘, at m/r 131 (Scheme II> 
obtained directly from the molecular ion is likely to 
retain an acyclic structure. The fragmentation of [RI ’ 
(loss of C,H, and H’) occurs parallel to that of the 
corresponding ions from 3 (loss of Cl’ and C,H,), 4 
(elimination of HCl and loss of C,H,), and 5 (loss of 
C,H,). It is worth mentioning that the daughter ion 
and CID spectra of m/z 184 and 185 from 7 and 
o-chlorobenzyl derivative 3 were identical. 
(2,4,6-Trimethyl)benzyl Derivatiue 8 
The methyl radical from the substituted benzyl moiety 
can be lost from any of the three sites of substitution 
resulting in two isomeric ions. However, in compari- 
son with compound 7 it is most likely that the forma- 
tion of the cyclized [M - Me]* ion is by far dominant 
(two ortho methyls!). The cyclized [M - Me]’ ion at 
m/z 213 (cf. Scheme III) can release another methyl 
radical either from the new “Pam” position or “o&o” 
position, which is reflected in the relatively great 
amount (10%) of the [M - 2Me]+. ion at m/z 198. 
MS/MS measurements show that the cyclized [M - 
Me]+ ion decomposes further, giving rise to the proto- 
nated dimethyl quinoline ion at m/z 158 analogous to 
the formation of the protonated quinoline from 3, 6, 
and 7. 
The molecular ion produced again the [RI ’ ion 
(A:) at m/z 133. By comparing the tandem mass 
spectrum of 8 to that of 1,2,3,5-tetramethyl benzene 
[16-U], it was found that the latter is a subspectrum 
of the former (cf. the ions m/z 119, 91, 77, 65, 63, 53, 
51, 41, 39, and 27). Some amount of [M - HI ’ ion 
(15%) was also formed which could be cyclized to N-3, 
a possible cyclic structure now being formed via loss 
of a hydrogen atom from one or the other o-methyl. 
2-Cyclohexyl Derivative 9 
Compound 9 exhibits a different fragmentation pattern 
from those given by the other compounds studied. The 
cyclohexyl ring is easily fragmented via loss of alkyl 
radicals (Me, Et, C,H,, C,H,, and C,H,) or after 
opening via loss of neutral alkenes [CzH,, C,H,, 
C,H, (McLafferty), and C,H,], giving a series of ions 
at m/z 163, 149, 137, 135, 123 and at m/z 150, 136, 
124, and 110, respectively. The ions m/z 149 and 123 
arise also from [M - H]+ via loss of C,H, and C,H,. 
The ions m/z 110 and 123 decompose further as with 1 
and 2. The formation of the less stable [M - HI+ ion 
takes place via loss of hydrogen from the cyclohexyl 
moiety. For 9 the cyclization cannot play an important 
role. 
Relative Stabilities of the INH, 3NH, and 
40H Tautomers 
Karelson and co-workers 1199211 found that Dewar’s 
AM1 semiempirical parametrization in combination 
with the self-consistent reaction field corrections ap- 
peared ideal to illustrate prototrophic tautomeric equi- 
libria. Therefore, we have now extended this treatment 
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to calculate the heats of formation and the relative 
heats of formation of lNH, 3NH, and 40H tautomers 
of several 2-, 6-, and 2,6_disubstituted pyrimidin4-ones 
in the gas phase (Table 3). Two conformations of the 
40H tautomers, one with the H atom turned toward 
the N-3 atom (c-1 and another where this atom is 
turned away from the N-3 atom (t-), were incIuded in 
the calculations (Table 3). 
It should be noted that the rankiig of stabilities of 
the neutral tautomers may differ from that of the 
radical cations. However, in the light of our data 
(Table 3) and the discussion below the compounds 
studied undergo practically no tautomerization after 
the formation of the radical cations. 
The relative abundance of the INH tautomer in the 
gas phase should be, negligible for all compounds 
studied since it appears to be always 40-55 kJ mol-’ 
less stable than the 3NH tautomer (Table 3). On the 
other hand, the energy difference of 7-17 kJ mol-’ 
between the 3NH and 40H tautomers in favor of the 
former can be fictitious since AM1 tends very slightly 
to underestimate the stability of OH-pyrimidines-an 
observation made when comparing calculated data 
Table 3. AM1 SCFR calculated and relative 
enthalpies of formation (in kJ/mol) for 
tautomers of pyrimidir&ones 
R* RBm Tautomer A&i” SA,H 
H 
Me 
H 
Ph 
H 
Me 
Ph 
H 1NH 37.1 
Ii 
Me 
H 
Ph 
Ph 
Me 
3NH -9.7 
r-40H 16.7 
c-40H -2.6 
1NH 12.9 
3NH -34.5 
t-40H -4.8 
c-40H -24.2 
1NH 4.7 
3NH -39.3 
t-40H -9.6 
c-40H -31.6 
1NH 175.8 
3NH 122.6 
t-40H 160.0 
c-40H 139.3 
INH 149.0 
3NH 110.1 
t-40H 135.9 
c-40H 117.5 
1NH 125.5 
3NH 86.4 
t-40H 115.3 
c-40H 96.6 
1NH 144.3 
3NH 94.1 
t-40H 131.8 
c-40H 111.4 
46.9 
(0) 
26.4 
7.2 
51.6 
(0) 
29.7 
10.3 
44.0 
(OJ 
29.7 
7.7 
53.3 
(01 
37.4 
18.8 
38.9 
(01 
25.8 
7.4 
39.1 
(0) 
28.8 
10.2 
50.2 
(0) 
37.7 
17.3 
with the experimental results for DNA bases in inert 
gas matrices [Zl, 221. Nevertheless, the results of these 
calculations support very strongly the present observa- 
tion that in compounds 3-8 the predominant in- 
tramolecular cycliiation under EI+ conditions occurs 
between the &h-position of the aryl group and N-3. 
As to the apparent role of the 1NH tautomer in the 
fragmentation of the N-unsubstituted compounds with 
H, Me, or Ar substitution at C-2, it would be very 
interesting. to calculate the reaction surfaces for the 
inhamolecular proton transfer of the’latter compounds 
in the gas phase. 
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